We have examined the outcome of 400 consecutive patients who underwent total knee replacement with the Low Contact Stress mobile-bearing system between 1993 and 1994 and were followed up for a minimum of ten years. All operations were performed by surgeons in Christchurch, New Zealand, who used no other knee prosthesis during the study time.
We have examined the outcome of 400 consecutive patients who underwent total knee replacement with the Low Contact Stress mobile-bearing system between 1993 and 1994 and were followed up for a minimum of ten years. All operations were performed by surgeons in Christchurch, New Zealand, who used no other knee prosthesis during the study time.
At ten years after operation 238 patients (244 knees) remained for independent clinical and radiological assessment. There was a significant improvement (p < 0.001) in the postoperative knee scores at one, three, seven and ten years, although a slight deterioration in the score occurred between seven and ten years which did not reach statistical significance. The survival for polyethylene wear or loosening was 97% (95% CI 96 to 98) and survival using reoperation for any cause was 92% (95% CI 90 to 94) at 12 years. Polyethylene wear was more common in the meniscal-bearing component, with five knees requiring revision and a further eight demonstrating early wear. Osteolysis was not seen in the rotating platform component, but was present in three of the meniscal-bearing knees.
There was no association between the radiological alignment at one year and those knees that subsequently required revision. However, there was an association between the overall limb alignment and the Western Ontario McMasters University score (p < 0.001).
The Low Contact Stress mobile-bearing total knee replacement has proved to be a reliable implant at ten years when used in primary knee replacement irrespective of the deformity and diagnosis.
Total knee replacement (TKR) using fixedbearing implants has produced good long-term survival of up to 97% at ten years. [1] [2] [3] [4] [5] [6] However, there have been problems with premature polyethylene wear and aseptic loosening with some implants. Our experience with fixedbearing prostheses in the 1980s revealed early wear, particularly with a thin (6 mm) polyethylene component, and a high incidence of fracture of the tibial tray. 7 This has subsequently been confirmed in other studies. 8 These failures prompted our department to change the prostheses we used to the Low Contact Stress mobile-bearing TKR (DePuy, Leeds, United Kingdom).
The Low Contact Stress mobile-bearing TKR was introduced to improve the congruity between the femoral component and the polyethylene insert throughout knee movement, with the intention of limiting the stress across the bone-implant interface. The mobile polyethylene insert, in the form of either twin meniscal bearings or a single rotating platform, permitted increased congruity, particularly through the first 40° of knee flexion, while at the same time protecting the implant from excessive shear stresses across the implantbone interface. The early results from the designing surgeon were encouraging, with outcomes at least as good as the early results of fixed-bearing TKR. 9 From 1990, we have used the Low Contact Stress mobile-bearing TKR as the only primary prosthesis in a population of approximately 400 000. In 1993 we initiated a prospective study of this prosthesis and now report our minimum ten-year results, with particular emphasis on the survival of the implant and the radiological incidence of polyethylene wear and component loosening. Additionally, we wished to assess the clinical outcome using current scoring systems to enable comparison with fixed-bearing TKRs. Our hypothesis was that the revision rate due to polyethylene wear and component loosening would be diminished in comparison with fixed-bearing prostheses using the Low Contact Stress mobilebearing arthroplasty.
Patients and Methods
Ethical approval was obtained from the Christchurch Hospital Ethics Committee, and all patients gave informed consent before entering the study.
Commencing in October 1993, we continued to enrol patients until 400 had been recruited (December 1994), of whom 14 underwent bilateral procedures. All 14 orthopaedic surgeons who performed TKR in our city contributed to the study, and the patients were entered consecutively. All the surgeons were general orthopaedic surgeons, with none specialising in TKR or knee surgery. During this period all knees were replaced using the Low Contact Stress TKR system for which polyethylene components were sterilised by irradiation in air. No patient was excluded because of the severity of their disease or deformity.
The manual alignment instruments supplied by the company (DePuy, Leeds, United Kingdom) were used for the procedure, although each surgeon adhered to his own routine practice and no attempt was made to standardise the procedure. All surgeons used a high thigh tourniquet, which was generally released following skin closure. Most patients had a spinal anaesthetic and used thromboembolic stockings, but no routine chemical thromboprophylaxis was used. High-risk patients were given low molecular weight heparin peri-operatively and warfarin post-operatively from one to six weeks. All patients had peri-operative antibiotics until the drains were removed, 24 hours post-operatively and were mobilised the day after surgery.
An independent research assistant (TH) recorded all preand post-operative data. The Knee Society pain and function score, 10 the New Jersey Knee Score 11 and the Western Ontario and McMaster Universities Osteoarthritis score (WOMAC) 12 were recorded pre-operatively and again at one, three and seven years. The WOMAC score was recorded again at ten years.
All radiographs were performed at one, three and ten years according to the Knee Society guidelines, 13 but were modified to include standard weight-bearing anteroposterior (AP) and lateral radiographs with the patella directed forwards. All skyline patellar views were taken in approximately 30° of flexion with the knee unloaded. Patellar subluxation was measured by using the skyline view and comparing the position of the centre of the patella to the centre of the femoral groove.
14 All radiographs were assessed using the Knee Society 13 rating system by a single examiner (GH), who was blinded to both the clinical outcome and the surgeon involved. All radiographs were digitised and measured manually using a ruler and goniometer on the radiographs at a single sitting. Statistical method. A power analysis at the time of the study design, using existing data, indicated that with 400 patients there would be sufficient power to define the revision rate for aseptic loosening and polyethylene wear with a 95% confidence interval (CI) of approximately 2% for up to 20 years.
A paired t-test was used to compare pre-and postoperative scores, and the associations between radiological parameters and functional outcome measures were tested using Pearson's correlation coefficient.
A Kaplan-Meier 15 survival analysis was conducted on the sample using reoperation for any cause as the endpoint. Survival analysis was also performed using revision due to polyethylene wear and loosening as the criteria.
Statistical significance was assumed with a two-tailed p-value < 0.05. Validation of revision data. We used the New Zealand Joint Registry 16 to validate the records of revision surgery within New Zealand, excluding the Christchurch area, to identify any patients revised outside our unit. This registry records all primary and revision joint replacements performed in New Zealand, and has a 98% compliance rate. 16 
Results
Of the initial study group, five patients (five knees) were excluded because of errors in documentation and a further 24 (24 knees) were excluded because revision Low Contact Stress implants were used. By ten years, 109 patients had died and a further 24 had withdrawn from the study because they had either moved out of the area or emigrated, leaving 238 patients (244 knees) available for review.
Of the initial study group there were 25 patients (25 knees, 10.5%) who required a further operation during this period, and although their results have been included they will be discussed separately. Detailed clinical results were available for all of these patients.
Clinical and radiological examination was completed on 186 patients (192 knees in 105 men and 81 women), all of whom underwent WOMAC assessment at a minimum of ten years. The remaining 52 patients (52 knees), who could not be reviewed at ten years, were either medically infirm or confined to a rest home with limited functional requirements. Where possible, these patients were requested to complete a WOMAC questionnaire either by telephone interview or by post. None were complaining of knee problems or awaiting revision surgery.
Of the 186 patients, there was a mean age of 66.9 years (26 to 87) at operation. The predominant pre-operative diagnosis was osteoarthritis, with only 23 patients having a diagnosis of rheumatoid arthritis.
The mean post-operative range of movement at final review in the 186 patients (192 knees) was 113° (75° to 130°). The posterior cruciate ligament was retained in 110 patients (110 knees) with meniscal bearing Low Contact Stress prostheses and sacrificed in 82 rotating platform Low Contact Stress implants. There were 122 cemented, 47 uncemented and 23 hybrid TKRs (cemented tibia, uncemented femur). The patella was not resurfaced in 17 patients (17 knees).
All the knee scores showed a highly significant improvement at one, three, seven and ten years compared with the pre-operative scores (t-test, p < 0.001). The improved THE JOURNAL OF BONE AND JOINT SURGERY scores at one and three years had marginally deteriorated by seven and ten years, but this was not significant (t-test, p = 0.05) ( Table I ). There was no statistical difference (ttest, p = 0.05) between those who had an uncemented component and those having a hybrid or a cemented implant. The posterior cruciate ligament retaining group scored better with all knee scores, but this did not reach statistical significance (t-test, p > 0.05) (Table II) .
Survival analysis, using further revision for any reason, showed a 12-year survival of 92% (95% CI 90 to 94) (Fig. 1) . Survival curves using implant failure due to aseptic loosening showed an improved result, with a 12-year survival of 98% (95% CI 97 to 99) (Fig. 2) . When revision for aseptic loosening and polyethylene wear were combined, the 12-year survival decreased to 97% (95% CI 94 to 96) (Fig. 3) . Radiological assessment. A total of 244 knees in 238 patients was assessed. A correlation analysis was undertaken between the WOMAC scores at ten years and the α, Ω and γ angles measured on the one-year post-operative radiograph in accordance with the Knee Society evaluation system. 9 A significant correlation was found for all three angles (p < 0.01) (Tables III and IV) . A similar analysis between the New Jersey Knee score and these angles found a significant correlation with the Ω angle (p < 0.05) (Table IV) .
There was no significant difference between outcome scores and the amount of lateral displacement of the patella on the skyline radiograph (t-test, p > 0.005).
Only four radiolucent lines were identified in four knees at ten years, with the majority occurring beneath the medial tibial plateau (zone 1). 10 No radiolucent line progressed over the period of review, and none was greater than 1 mm in width. There were three patients (three knees) with small lytic defects at the seven-year radiological review; two were located beneath the anterior femoral flange and one beneath the medial tibial plateau. A total of 186 patients (192 knees) were assessed at this stage. All the lytic lesions occurred in meniscal-bearing knees, which remained under observation without any plan to proceed to a revision. There were eight meniscal-bearing knees in eight patients with evidence of polyethylene wear shown during manual measurement of the knee space, albeit minor in all cases. There was no observable wear in the rotating platform knees. Revision procedures. Of the 25 revisions in 25 patients only four (four patients) were for aseptic loosening. One had loosening within a year of surgery, and at revision both femoral and tibial components were loose, but there was no sign of infection. The other three cases required revision at between seven and ten years all for tibial loosening. Dislocation of the meniscal bearings occurred in three patients (three knees). The bearings were replaced and the knees remained stable following this single procedure. A fracture of the tibia occurred because of insufficiency or stress fracture of the medial tibial plateau in four patients (four knees) in the presence of a stable and normal-appearing tibial component. There were three deep infections and three revisions for unexplained pain, two of which were found to have a loose component (one femoral, one tibial) and have been analysed as part of the aseptic loosening group. One patient each required revision for a malaligned femoral component, patellar resurfacing in a previously unresurfaced patella and failure of tibial ingrowth in an uncemented component.
There were seven patients (seven knees), five with meniscal bearing, two with rotating platforms, who underwent bearing exchange for polyethylene wear between seven and 12 years after their initial procedure. None of these patients were found to have loosening of the femoral and tibial components, which were accordingly retained. The meniscal bearings generally wore on the peripheral medial and lateral margins articulating with the femoral component where the polyethylene was scalloped and thin, or on the superior surface. Gross back-side wear was uncommon unless the bearing had been subluxing in the tibial tray. There was no difference comparing the one year radiological parameters between this group and the rest of the study group (t-test, p > 0.005).
Discussion
A recent biomechanical assessment of mobile-bearing Low Contact Stress TKR has confirmed the earlier assumption that increasing congruity and mobility decouples knee movement, resulting in mainly unidirectional movement at the femoral-polyethylene interface and subsequent reduction in volumetric wear. 15, 17 Clinical and radiological results with other mobile-bearing designs have also confirmed the low rate of wear and associated osteolysis. 18, 19 Initial concerns that a mobile polyethylene bearing might increase volumetric wear by adding a further articulating surface have not been substantiated, with most laboratory and retrieval studies reporting minimal back-side wear. 20, 21 Initial studies using serial plain radiographs 22 and recently employing fluoroscopy 23 have confirmed that the bearings in the Low Contact Stress TKR remain mobile, and consequently retain the ability to realign the polyethylene during knee function, with resultant reduction in volumetric wear.
The survival of our series at 12 years was 97% (95% CI 96 to 98), for revision due to wear and loosening, supporting our hypothesis that the wear rate would be low with this design, and were at least comparable with other studies using a fixedbearing TKR, [1] [2] [3] [4] [5] [6] and matched the experience of the designing surgeon. 9 The incidence of radiolucent lines and lytic areas was also very small. However, eight knees had measurable early polyethylene wear, all were knees with a meniscal bearing, but all were functioning satisfactorily, with none due for revision. There was no measurable wear of the rotating platform component with the method used. Measurement of minor change in the thickness of the polyethylene component was difficult using the standard weight-bearing radiographs, as the posterior slope of the tibial component often resulted in the true height of the polyethylene bearing being obscured on the AP radiograph. We did not use cine-radiography or other radiological methods to obtain exposures with the beam absolutely parallel to the base plate. The polyethylene used during the course of this study was irradiated in air and had a variable shelf-life. These factors are now known to be related to polyethylene oxidation and subsequent wear of the insert. 21, 24 Another factor likely to have increased the polyethylene wear was the early design of the meniscal bearings, which had scalloped edges to increase the coronal stability. These margins were very thin, and at revision it was often observed that the majority of the wear occurred at these sites. These findings were not observed with the rotating platform, and have not been reported in long-term studies using this implant. 25, 30 Changes made to the meniscal bearings in the mid-1990s reduced the thin edge and the edge loading associated with the wear observed at revision surgery.
Early revision procedures were performed for a variety of reasons, including unexplained pain and stiffness. Such problems are not specifically related to a single implant design. Malposition of components after surgery has been associated with poorer survival rates.31,32 However, we could find no correlation between the position of the components after one year and the need for revision for any cause. There was a correlation between the overall mechanical axis and the WOMAC score, which adds support to the assertion that the component position affects the patient's function.
Although the meniscal-bearing implant, which retains the posterior cruciate ligament achieved better knee scores than the rotating platform, which sacrifices this structure, the results were not statistically significants. The difference may be due to a tendency to use the meniscal-bearing implant in younger patients with less severe disease.
In this series it was our practice to resurface the patella in most cases. There were no cases of patellar failure and the mobile bearing of the patella appeared to function satisfactorily even in cases with subluxation > 5 mm. Although it was our practice to revise the patellar mobile-bearing at the same time when other polyethylene bearings were replaced, no knee underwent revision solely for patellar wear or loosening. Indeed at the time of revision the patellar bearing often looked normal, reflecting the findings of other studies suggesting that the Low Contact Stress patellar component is well tolerated. 14, 25 This study had significant problems with follow-up because of the death rate and the high incidence of comorbidities. The New Zealand Joint Registry helped in validating our figures, but we accept that it does not take Survival curve using revision due to polyethylene wear as failure.
into account those who have left the country. Of the 24 patients who were lost to follow-up, at least 12 were known to have emigrated.
This study is unique in that it represents the collective experience of 14 general orthopaedic surgeons serving a single city, all of whom used the Low Contact Stress mobile-bearing TKR as the only prosthesis for all primary TKRs. As only three revision procedures were undertaken for dislocation of the bearing it suggests that this prosthesis is reliable in virtually all primary situations, irrespective of the pre-operative deformity or pathology.
